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PROCESS FOR PRODUCING ANATASE 
TITANIA OR COMPOSITE OXIDE 
CONTAINING ANATASE TITANIA 
[Corresponding to PCT/JP99/00477 
Filed February 4, 1999] 



Assistant Commissioner for Patents, 
Washington, DC 20231 

Sir: 

In the interest of compact prosecution and to reduce PTO filing fees, please amend the 
present application as follows: 

IN THE CLAIMS : 

Please amend claims 2 through 8 as follows: 

2. (Amended) The process according to claim 1 wherein the solution containing a 
hydrolyzable titanium compound contains an organic polymer, and the gel is organic inorganic 
composite matter containing a metal oxide and the organic polymer. 

3. (Amended) The process according to claim 2 wherein the organic polymer is a water- 
soluble organic polymer. 



PRELIMINARY AMENDMENT 



ATTACHMENT D 



4. (Amended) The process according to claim 1 wherein the hydrolyzable titanium 
compound is an alkoxide of titanium. 

5. (Amended) The process according to claim 1 wherein reaction of the gel with water is 
carried out with hot water. 

6. (Amended) The process according to claim 5 wherein a functional molecule or a 
metal ion is dissolved in the hot water, thereby to dope the anatase titania or the composite oxide 
containing the anatase titania with the functional molecule or metallic particles. 

7. (Amended) The process according to claim 1 wherein a gel film is formed on a 
substrate and then allowed to react with water to produce a film, 

8. (Amended) An anatase titania or the composite oxide containing the anatase titania 
obtained according to the process of claim 1. 



REMARKS 

The above amendment is presented to eliminate multiple dependent claims, thereby 
reducing PTO filing fees. 

Attached hereto is a marked-up version of the changes made to the claims by the current 
amendment. The attached page is entitled "Version with Markings to Show Changes Made". 

Favorable action on the merits is now requested. 

Respectfully submitted, 

Tsutomu M1NAMI et al 



By 

Matthew Jacob 
Registration No. 25,154 
Attorney for Applicants 

MJ/pjm 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
May 21, 2001 
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Version with Markings to Show Changes Made 

Claims 2 through 8 have been amended as follows: 

2. (Amended) [A] The process according to claim 1 wherein the solution containing a 
hydrolyzable titanium compound contains an organic polymer, and the gel is organic inorganic 
composite matter containing a metal oxide and the organic polymer. 

3. (Amended) [A] The process according to claim 2 wherein the organic polymer is a 
water-soluble organic polymer. 

4. (Amended) [A] The process according to [any one of claims] claim 1 [to 3] wherein 
the hydrolyzable titanium compound is an alkoxide of titanium. 

5. (Amended) [A] The process according to [any one of claims] claim 1 [to 4] wherein 
reaction of the gel with water is carried out with hot water. 

6. (Amended) [A] The process according to claim 5 wherein a functional molecule or a 
metal ion is dissolved in the hot water, thereby to dope the anatase titania or the composite oxide 
containing the anatase titania with the functional molecule or metallic particles. 

7. (Amended) [A] The process according to [any one of claims] claim 1 [to 6] wherein a 
gel film is formed on a substrate and then allowed to react with water to produce a film. 

8. (Amended) [The] An anatase titania or the composite oxide containing the anatase 
titania obtained according to [any process of claims] the process of claim 1 [to 7]. 
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PRQCESS FOR PRODUCING ANATASE TITANIA OR 
COMPOSIT E OXIDE CONTAINING ANATASE TITANIA 



TECHNICAL FIELD 

The invention of this application relates to a process 
f dr producing anatase titania or an composite oxide containing 1 

anatase titania- Mora specifically, the invention of this 

I 

application relates to a process for producing novel anatase 
ti tania or a novel composite oxide containing the anatase titaala 
which are useful as a photocataiyst, a bactericidal material, 
an anti- fungus material, etc. and furthermore, can be produced 
in a variety of forms at a low temperature of 100°C or below. 



BACKGROUND OP THE INVENTION 

Ti tania as an oxide of titanium (Ti) , particularly anatase 
titania, is known as a catalyst for photolysis, a material for 
thfc electrode of a photocell, etc* and in recent years, has 
attracted attention to be useful also as a bactericidal material 
and an anti- fungus material depending upon photoreactlve 
action. 

The processes for producing titania and the functions 
thereof reported so far are outlined as follows. 

About pure TiO^ films, it is reported that a titania (Ti0 3 ) 
film is formed on a glass substrate having a transparent 
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ATTACHMENT A 



Electrically conductive tin oxide film coated thereon by adding 

i 

dilute hydrochloric acia to an ethanol solution of titanium 
ijsopropoxide and then dip coating , and furthermore a heat 
treatment is carried out at 500°C so that a film where fine 
crystals of anatase are deposited can be prepared, and the 
resulting film acts as a photo-electrochemical film (T. Yoko, 
K. Kamiya, and S, Sakka, Yogyo JQroJt*l~Shi t 95 (1987), ISO) • 
It also is reported that an article where a colloidal solution 
of TiOa is coated at 450°C onto a glass substrate having a 
transparent electrically conductive tin oxide film formed 
thereon exhibits high efficiency as the *l*etrode of a photocell 
(», O'Regan and M. Gretzel, Nature, 3S3 (1991) 737) - 

On the other hand, about a Ti0 2 -Si0 3 system, it is reported 
that a composite oxide of the TiO^SiO? system can be prepared 

by use of bisacetylacetonate titanium diisopropoxide or ethyl 

i 

bdiaacetoacetate titanium diisopropoxid* and vilicic acid; and 
in order to deposit an anatase phase, when 94 mole percent of 
TiOa is contained, a treatment at a high temperature of 500*C 
or above is needed, when 89 to 67 mole percent of Ti0 3 is contained, 
a heat treatment at a high temperature of 750°c or above, and 
furthermore # when 50 mole percent of TiO? is contained, the 
composite oxide remains amorphous even by a heat treatment at 
1000*C {Y. Abe, N, sugimoto, Nagano, and T . Misono, */- 
lt0ti~Cry&t. f 104 (1988) 164) * In addition, it is reported that 
when film formation is carried out according to an RF- sputtering 



process by use of a mixed sputter gas of argon and oxygen at 
| substrate temperature of 200°C and a power of 200 w, all films 
are amorphous in the range Of 3,3 to 67 mole percent in Ti0 2 
content t 

Furthermore, it is reported that a TiOa-SiOj film 
containing- 16.5 mole percent of Tio 3 that is formed from a 
solution prepared by using titanium n-butoxide and silicon 
tetraethoxide as starting materials andhydrolyxing with dilute 
hydrochloric acid is amorphous when a heat treatment at 350°C 
is carried out, but further only when exposed to pressurized 
steam of about 1 atm, anatase TiO* fine crystal a are deposited 
(A. Matsuda, T. Kogure, Y. Matsuno, 9. Katayama, T. Tsuno, N. 
T^>hge, and T * Minami, J 4 Am. Cmram. Soc*, 76 (1993) 3699), 

However, in order to form anatase TiO^, even a single 
component of TiO a requires a heat treatment at high temperature 
oi 4S0°C or ab*v* r and furthermore a composite oxide of TiO^-SiO a 
system, etc, reouire a further high heat treatment and 
complicated operations. Accordingly, it is fundamentally 
impossible to form anatase titania or a composite oxide 
containing anatase titania, for example, on substrates having 
low resistance to heat such as organic polymer substrates or 
liying tissue having low resistance to high temperature, low 
pressure, and high pressure, 

! Therefore, the invention of this application solves the 

j 

aforesaid problems of the related art, and aims at providing 



|k novel process which can produce anatase titania or a composite 
tocide containing ana tag© titania at a low temperature that is 
a milder condition and, in addition at atmospheric pressure, 
^hereby can form these on a variety of substrates including 
polymer material* or living tissue having low resistance to 
heat/ and moreover can form anatase titania or a composite oxide 

i 

Containing anatase titania in a variety of forma $uch as bulk/ 

film, fiber i powder, etc. 

i 

DISCLOSURE OF THE INVENTION 

For solving the aforesaid problems, the invention of this 
application provides a process for producing anataae titania 
or a composite oxide containing anataae titania characterized 
in that a gel containing a metal oxide in formed from a aolution 
containing a hydroly rable titanium compound, and suhse<juently 
the gel is allowed to react with water at a temperature of 1GQ°C 
or below. 

In the aforesaid process, the invention of this 
application also provides a proceas where the solution 
containing a hydrolyzable ti tanium compound contains an organic 
polymer, and the gel is an organic inorganic composite matter 
containing a metal oxide and the organic polymer, a process 
whire the reaction of the gel with water is carried out with 
hot water , a process where a functional molecule or metal ion 
is dissolved in hot water, and anatase titania or the composite 
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o:icide containing anatase titania ia doped with the functional 
mblecule or metallic fin* particle, and a process for forming 
it on a substrate as a film, and so forth. 

And the invention of thin application further provide* 
aiatase titania or the composite oxide containing anatase 
titania themsalve* obtained according to the aforesaid 
processes. 

In particular, according to the invention of this 
application, a transparent f ilmof anatase titaniaor a composite 
oafide containing anatase titania which has been difficult to 
from in the related art can be formed on a variety of substrates 
adcording to the low temperature process, and therefore the 
fields of application are extremely wide and promising. 



br|tef description of the drawings 

Fig. 1 is a figui© showing a high-resolution transmission 
electron microscope photograph of a partial section of a film 
in Example 1 of the invention. 

Fig. 2 is a figure showing results of Fourier transform 
ani lattice fringe analysis o£ Fig. 1 having undergone image 
processing* 

Spots* Corresponding to (101) and (103) planes 
characteristic in anatase Ti0 3 * 

Fig. 3 is figures showing the infrared absorption spectra 
the film in Example l before and after a treatment with hot 



of 



yater . 

Absorption spectra near 2900 cm" 1 and 1350' 1 are assigned 
tjo polyethylene glycol. Peaks at 955 cm" 1 are principally 
Assigned to a Ti-O-Si bond. 



b|eST MODE FOR CARRYING OUT THE INVENTION 

; invention of this application has characteristics 

a|s described above, and modes for carrying out the invention 
are illustrated in detail below. 

The bases of this application are illustrated again. The 
invention enables anatase titania or a composite oxide 
containing anatase titania to produce at a low temperature that 
is a very mild condition as compared with that in the related 
art by forming a gel containing a metal oxide from a solution 
containing at least a hydrolyzable titanium compomxd and than, 
aMowing the gel aoAttiniag * metal oxide to react with water • 
The invention of this application having these characteristics 
hue been achieved by discovery that a product prepared by 
hydrolysis and polycondensation of a hydrolyzable titanium 
compound actjuires densif ication and crystallization by a hot 
wajtor of 100°C or below, etc. contrary to the conventional common 
sense and by discovery that the addition o£ an organic polymer 
tol the gel promotes the deposition of anatase crystals by a 
treatment with hot water. 

A variety of compounds can be used as the hydrolyzable 
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titanium compound in the invention « Examples thereof include 
metal alkoxides, metal salts of organic acids, metal chlorides; 
and the derivatives thereof such as tetraisopropoxy titanium 
(Ti (OCH (CH 3 ) 3) 4 ) , tetra-n-butoxy titanium (Ti (OCH g CH a CH a CH) 4 ) , 
tptrakis (2-ethylhexyloxy) titanium (Ti (0CH a CH (C a H 5 ) C 4 H 9 ) 4 ) , 
tetrastearyloxy titanium (Ti (0C ia H 37 ) 4 ) , diisopropoxy 
bisacetylacetonate titanium (Ti (OCH (CH 3 ) *) a (DC (CH 3 ) CKCOCH 3 ) a ) , 
diisopropoxy bisethyl acetoacetate titanium 

(ti (OCH (CH 3 ) 2 ) a) (OC (OC a H 5 ) CHC0CH3) 2) , titanium tetrachloride 
(Ticl 4 ) , etc* One kind of these or a combination of two or more 
k^nda thereof can be used as starting materials ♦ of these, 
tetraioopropoxy titanium, tetra-n-butoxy titanium, titanium 
tntrachloride, etc. which have comparatively high reactivity 
t^ water are preferred. 

Furthermore, when a composite oxide containing anatase 
tenia is synthesized, th.« composite ostide can be composed 
combine tionof various metal alkoxide* , metal salts of organic 
ids, metal chlorides, or the derivatives thereof including 
, Al, B, P, Ta, zr, Sn, V, w, etc- according to the purpose, 
use, etc. These starting materials also can be used singly 
oxj in a combination of two or more kinds thereof. 

The starting materials are dissolved in a solvent, and 
hydrolysis is carried out by use of a catalyst such as acids 
or bases as needed. The solvent used herein includes 
hydrocarbons such as benzene, toluene, hexane, etc. and various 



ti 
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organic solvents such as halogenated hydrocarbons, 
tutrahydrofuran (THF) , acetonitrile, DMF, DMSO, etc, in 
addition to alcohols such as methanol, ethanol, 2-propanol, 
1-butanol, etc. The catalyst for hydrolysis can be 
exemplified by mineral acids and organic acids such as 
hydrochloric acid, nitric acid, acetic acid, sulfuric acid, 
phosphoric acid, etc.; and bases such as ammonia, amines, etc. 

Furthermore, in the process o£ the invention, an organic 
polymer can be added to the solution containing at least a 
hydrolyatable titanium compound for the purpose of controlling 
tie specific surface area or porosity of anatase ti tenia or 
a composite oxide containing anatase titania obtained finally. 
The resulting gel forms an organic inorganic composite matter 
containing a metal oxide and an organic polymer and furthermore/ 

anatase titania or a composite oxide containing anatase titania 

i 

controlled in specific surface area and porosity can be 
synthesized by eluting the organic polymer- The organic 
polymer added to the gel beforehand is ©luted by a treatment 
with hot water, and void is formed from volume occupied by the 
organic polymer in the gel to facilitate permeation of hot water 
and acts to promote the deposition of anatase crystals within 
th? gel* 

These organic polymer* include polyalkyl ethers such as 
polyethylene glycol, polypropylene glycol, and 
po:.ytetramethylene glycol? polye the r glycols such as cellulose 
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acetate, cellulose nitrate, and hydroxypropylcellulose; and 
organic polymers having solubility to water such as polyvinyl 
alcohol, polyvinyl acetate, polyvinyl chloride , etc. Of these, 
the polyalkyl ethers that can be easily eluted with hot water 
are preferred* The amount of the organic polymer added can 
bit changed depending upon the specific surface area or porosity 
of anatase titaala or a composite oxide containing anatase 
tltania obtained finally, or depending upon the dispersibility 
of anatase crystals . As the amount of the organic polymer added 
increases, the specific surface area and the pore volume increase - 
Ir addition, as the specific surface area and the pore volume 
of void increase, the deposition of anatase crystals is promoted 
and the dispersibility also is improved,, The ratio of the 
organic polymer to the composite oxide is arbitrary and, for 
example, from about 0.01 to about 100 in weight ratio, but the 
range of 0*1 to 10 is preferred in view of synthesis, function 
fop uses, etc. 

The reaction of the gel containing a metal oxide derived 
frbm the hydrolyzable titanium compound with water at a 

temperature of 100°C or below can be easily achieved by a 
treatment with hot water. The temperature of the hot water 

can be set to an arbitrary temperature of 100*C or below, but 
50* C or higher is preferred for increasing the treating rate. 
Thn reaction with water at a temperature of 10Q°C or below can 



be 



carried out at a condition of atmospheric pressure, AS a 



matter of course, reduced pressure or application of pressure 
also is possible, if desired. 

In the Invention, anatase titania or a metal oxide in 
a composite oxide containing anatase titania can be doped with 
t:ie functional molecule by dissolving the functional molecule 
in the aforesaid hot water* The functional molecule includes 



ruthenium complexes for photocells such as trisbi pyridine 
ruthenium (II) complex, 

{2, 2' -bipyridine) [2- (2-pyridyl) -benseimidasole] ruthenium 
complex/ etc* ? dyes for laser such as rhodamineB, rhodamlne 
60, coumarin, etc.; oho to chromic dyes such as spi ropy ran, 
auithylviologen, etc. 9 and the like. Similarly, a metal ion 
itt dissolved in hot water, and a reduction treatment is then 
carried out so that the metallic fine particles can be supported 
oil anatase titania or a metal oxide in a composite oxide of 
attatase titania. The met«l ion can be exemplified by ions of 
livel metals such as platinum, gold, silver, copper , etc. , but 



afl a matter of course , is not limited to these. 

Furthermore, in the invention of this application, it 
is| possible to form anatase titania or the composite oxide 
containing anatase titania in a variety of forma such as film, 
pojwder, bulk, etc* 

When a film is formed as a substrate , a gel film containing 
this metal oxide is formed on the substrate from a solution 
containing at least a hydrolysable titanium compound through 

10 



dipping or spin coating, and then the gel film containing the 
metal oxide is allowed to react with water to form a film of 
anatase oxide or & composite oxide containing anatase titania. 
Arbitrary substrates such as glass, ceramics , metals, polymers, 
living tissue, etc. can be used as the substrate, inparticular, 
the effect of law temperature synthesis of the invention, can 
preferably be exerted efficiently for materials low in thermal 
reel stance such as polymers and living tissue or materials poor 
ila resistance in an atmosphere of reduced pressure or applied 
pressure. An article where a transparent electrically 
conductive film, etc. is formed on a glass substrate such as 
gpiartz glass, soda- lime glass, alkali aminosilicate glass, 
alkali borosilicate glass, multi -component non-alkali glass * 
lowly expanded crystallized glass, etc, can be used as the 
electrode of a photocell. 

For the formation of powdery purttcleai th* powdtry 
plrticles are prepared by hydrolyzing a solution containing 
a% least ahydrolyzoble titanium compound at an acidic condition 
aitd then adding dropwise the resulting solution to a basic 
sqlutiou. The particles are once recovered by use of the method 
o< centrifuging, etc*, undergo drying or a heat treatment as 
needed, and then re -dispersed in an appropriate dispersing 
medium to allow reaction with water « 

For example, according to the processes of the invention 
aai described above, a gel containing a metal oxide is formed 
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f::om a solution containing at least a hydrolyzable titanium 
compound/ and then allowed to react with water at a temperature 
01: 100°C or below, thereby to synthesize anatase titania or 
a composite oxide containing anatase titania at a low temperature . 
In particular, in fciie invention, molecules of water such aa 
hot water, etc. have an action to attack the 
hydrolysis -polycondensation product from the hydrolyzable 
t Itanium compound to promote the dissociation of a bond with ; 
another oxide , the condensation of a TiO* component, nuoleation, 
and the growth of nuclei, and thereby the formation of anatase 

titania is realized at a very mild condition of 100°c or below. 

t 

The organic polymer added to the solution containing at 
Hast a hydrolyzable titanium compound has an action to control 
trie specific; surface area and pore of the resulting metal oxide 
aijd to promote the deposition of an anatase crystalline phase. 

The anatase titania or feh# composite* oxide doutmi&in^ 
arjatase titania according to the invention can be prepared in 
a variety of forms such as film, fiber, powder, bulk, etc. In 
particular, in the invention, a transparent film of anatase 
titania or film of a composite oxide containing anatase titania 
where the formation of these films has been different in the 
related art can be formed on a variety of substrates according 
to the low temperature process and therefore , the fields of 
the application thereof are extremely wide and promising. And 
axi&tase titania or the composite oxide containing anatase 
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itania according to the invention enables application to a 
pkotocatalyst* Concretely, they are used as an electrode 
material for a photocell, a catalyst for photolysis of water 
or organic substances, a catalyst for photoreduction of aerial 
pollution substances such as nitrogen oxides and carbon dioxide , 
o^r a bactericide or auti- fungus agent against harmful 
microorganisms. Particularly, in the anatase titania or the 
composite oxide containing anatase titania according to the 
invention/ anatase titania can be deposited at a low temperature 
o:E 100°C or below and therefore , the formation thereof on an 
organic polymer, living tissue # etc. , which has been difficult 
so far, also is possible* 

Examples are shownbelow, and the invention is illustrated 
in further detail. Fig. 1 of the accompanying drawing is a 
fd.gure based on a high- resolution transmission electron 
microscope photograph of a partial section of a film in Example 
of the invention and shows trisblpyridine ruthenium (II) 
complex 3 highly dispersed in the composite oxide of Ti0 3 -SiO a 
system 2 containing anatase titania 1* Fig. 2 shows results 
of the Fourier transform and lattice fringe analysis of Fig. 
1 having undergone image processing, and spots are observed 
in positions corresponding to (101} and (103) planes 
characteristic in anatase TiO?» 



(Jfcitample 1) 

A solution containing 5 moles* of ethyl alcohol to 1 mole 
of silicon tetraethoxide was prepared. Dilute hydrochloric 
acid (3 weight percent) was added to this solution and stirred 
at room temperature for 30 min to carry out hydrolysis . Herein, 
the mole ratio of water to the silicon alkoxide was adjusted 
to 4* Furthermore, titanium tatra-u-butoxide was dissolved 
i:i this solution so that the mole ratio of titanium dioxide 
and silicon dioxide became 16*5:83.5 finally* and stirred for 
30 min to carry out hydrolysis* The resulting solution, which 
was colorless and transparent, was further diluted with ethyl 
alcohol in order to adjust the thickness of a film formed on 
substrate by coating. Polyethylene glycol (PEG) having en 
average molecular weight of 600 was added to this solution so 
that the weight ratio of PEG to titanium dioxide and silicon 
dioxide* the oxides formed finally, became (PEG) / (Ti0 3 +Si0 3 ) 
1*0, and dissolved uniformly to prepare a coating solution, 
A silicon wafer substrate and anon- alkali glass substrate 
wire dippad in the aforesaid solution, and the respective 
»\hstrates were covered with gel films comprising polyethylene 
glycol and a hydrolysis -polycondenaation product formed from 
titanium organic compound and silicon organic compound* 
These were heated and dried at 90 fl C for 30 min. The gel films 
of 16*5 Ti0 2 -83,5 Si0 2 containing polyethylene glycol was 
Obtained according to the aforesaid operations. This was 
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dipped In hot water (100°C) o£ 1<T 3 M trisbipyridine ruthenium 
C;i) dichloride for 1 hr. In the treatment with hot water, 
tit* porosity Of the films was found to be about 3 5 percent just 
after fluting polyethylene glycol by the treatment with hot 
wAter* Observations by infrared absorption spectra and a 
transmission electron microscope were made about the films 
before end after the treatment with hot water. It was found 
from the infrared absorption spectra shown in Fig. 3 that 
absorption spectra in about 2900 cm" 1 and about 1350 cmf* assigned 
to polyethylene glycol completely disappeared, and 
polyethylene glycol was eluted from the gel films by the 
treatment with hot water. Furthermore , it was found that the 
intensity of a peak at 955cm" 1 assigned principally to a Ti-O-Si 
bend significantly decreased, and the Ti-0-9i bond was 
dissociated* Although the film before carrying out the 
treatment with hot water was a film of a Homogeneous lfi,5 
TiOs-83,5 SiOi amorphous gel containing polyethylene glycol, 
it was found from the high* resolution transmission electron 
microscope photograph as described above in Fig. 1 that in the 
film dipped in hot water <100°G) of 10^ 3 M triabipyrldine 
ruthenium (ii) dichloride fox 1 hr# trisbtpyridine ruthenium 
(II) complex 3 was dispersed in composite oxide of Ti0 3 -Si0 3 
ay at am 2 containing anatase titania 1 of 10 to 30 uau Anatase 
titania also is ascertained by results of the Fourier transform 
ani lattice fringe analysis of Fig. 2. 

is 



The filtt was yellow and transparent because of absorption 
*Jy the ruthenium complex* It was found from the result of 
analysis of the film composition that the Sio 3 component was 
eiuted by the treatment with hot water, and this promoted the 
Reposition of ana t as a crystals. 

! The aforesaid results made it clear that the composite 
dxide containing anatase titania and the composite oxide 
containing the anatase titania that contained a functional 
molecule can be synthesized according to the low temperature 
process of 100°C at highest * 

(Example 2) 

A solution containing 5 moles of ethyl alcohol to 1 mole 
of titanium tetra-n-butoxide was prepared. Dilute 
hydrochloric acid (3 weight percent) was added to this solution 
a ad stirred at room temperature f or 30 min to carry out hydrolysis . 
Tie resulting solution, which was colorless and transparent , 
w»e further diluted with ethyl alcohol in order to adjust the 
thickness of a film formed on a substrate by coating. 
Polyethylene glycol (PEG) having an average molecular weight 
01; 600 was added to and uniformly dissolved in this solution 
so as to be (PEG) / (Tic 3 ) - 1 *0 in weight ratio to titanium oxide 
that was an oxide formed finally to prepare a coating solution. 

A silicon wafer substrate and non- alkali glass substrate 
wire dipped in the aforesaid solution to coat the respective 
substrates with gel films consisting of polyethylene glycol 
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and a hydrolysis -polycondensation product from the titanium 
organic compound. These were heated and dried at 90°C for 3 0 
min. Ti0 2 gel films containing polyethylene glycol were 
obtained by the aforesaid operations. This was dipped in hot 
water (100°C) for 5 hr. Observations by infrared absorption 
spectra and a transmission electron microscope were made about 
the films before and after the treatment with hot water. It 
was found from the infrared absorption spectra that absorption 
spectra of about 2900 cm* 1 and about 1350 cm" 1 assigned to 
polyethylene glycol completely disappeared by the treatment 
with hot water, and polyethylene glycol was eluted from the 
gel films. It also was found that the intensity of a peak at 
1000 cm' 1 assigned principally to a Ti-OH bond decreased, and 
the polymerization of Ti0 2 was promoted. It was found from the 
observation by a transmission electronmicroscope that the films 
before undergoing the treatment with hot water were uniform 
Ti0 2 amorphous gel films containing polyethylene glycol. On 
the other hand, the films dipped in hot water (100°C) for 5 
hr were found to form light- transmitting titania consisting 
of anatase fine crystals of 10 to 3 0 nm. The results as described 
above show clearly that anatase titania can be synthesized 
according to the low temperature process at 100°C at highest. 
(Example 3) 

The same operations as in Example 2 were carried out by 
use of a polyethylene terephthalate (PET) substrate. It was 



ound from observation by a transmission electron microscope 
that the film dipped in hot water (100°C) for 5 hr formed 
light -transmitting titania consisting of anatase fine crystals 
oE 10 to 30 ma. The results as described above show clearly 
tiat anatase titania can be synthesized also on a polymer 
substrate according to the low temperature process of 100°C 
at highest, 
{^Example 4) 

The same operations as in Example 2 were carried out about 
aA xTi0 2 - (100-x) Si0 a system selected (x - 2Q f 40, 60, and 80 
mole percent) * It was found from observation by a transmission 
electron microscope that the films dipped in hot water (100°C) 
for 5 hr turned into transparent films of the composite oxides 
oi the TiO a -SiO a system containing anatase titania of 10 to 30 
mil. The results as described above show clearly that the 
CCmpo&ite Oxides Containing anatase titania can be ayntheaixad 

according to the low temperature process of 100*C at highest. 

i 

(Example 5) 

The same operations as those in Example 4 were carried 
out about an xTiO a - (100-x) AliO* system and an xTiO a - (100-x) ZrO a 
system (x-20/ 4G, 60/ and SO mole percent) selected. Aluminum 
tetra-sec-butoxide and zirconium tetra-n-hutoxide that were 
stabilised with acetylacetone were used as starting materials 
for Al a 0 3 and Zro 3 , respectively. It was f ound from observation 
by a transmission electron microscope that the films dipped 
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la hot water (X00°C) for 5 br turned into transparent films 
ofi the composite oxides of the Ti03-Al 3 0 3 system and the Ti0 2 -ZrO 3 
system containing anatase titania o£ 10 to 30 nm. The results 
as described above show clearly that a variety of composite 
o sides containing anatasa titania can be synthesized according 
to the low temperature process of 100°C at highest. 
( Example 6) 

Although the results of the formation of the films were 
described in Examples of 1 to 5, similar results were obtained 
also in experiments on the preparation of fine particles. 
(Comparative Example 1) 

Similarly to Example 2 , the coating solutions was prepared, 
silicon wafer substrate and non-alkali glass substrate were 
d:Lpped therein, and the respective substrates were covered with 
gol films consisting of polyethylene glycol and a 
hydrolysis -polycondeneation product from the titanium organic 
compound, these were heated and dried at 90°C for 30 min, Ti0 3 
g«il films containing polyethylene glycol were obtained by the 
aforesaid operations « These underwent a heat treatment in the 
air at 350°C for 1 hi. It was found from infrared absorption 
spectra that polyethylene glycol was thoroughly pyrolyzed and 
disappeared owing to the heat treatment. It was found from 
observation by a transmission electron microscope that no 
aratase crystals were observed in the resulting Ti0 3 films, 
and porous amorphous films wera formed. 
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(Comparative Example 2) 

A coating solution consisting of silicon tetraethoxide, 
titanium tetra-n-butoxide, ethyl alcohol. and dilute 
hydrochloric acid was prepared at a condition where no 
polyethylene glycol is added. 

A silicon wafer auto strata and a non- alkali glass substrate 
were dipped in the aforesaid solution, and the respective 
substrates were coated with Ti0 3 -siQj gel films consisting of 
a hydrolysis -polycondensation product from the titanium 
organic compound. These were heated and dried at 90°C for 30 
m|n. The Ti0 3 -Si0 3 gel films were obtained by the aforesaid 
operations, The porosity of the resulting films was found to 
b4 about 9 percent and to be low as compared with the film prepared 
by adding and then eluting polyethylene glycol in Example 1. 
Tiese were dipped in hot water (100°C) for 5 hr. Observations 
by infrared absorption spectra and a transmission electron 
microscope were made about the films before and after the 
treatment with hot water, rt was found from the infrared 
absorption spectra that the intensity of peaks at 955 cm' 1 
assigned mainly to a Ti-O-Si bond decreased by the treatment 
with hot with water , and the bond was dissociated* it was found 
from the observation by the transmission electron microscope 
that the films before undergoing the treatment with hot water 
wejre amorphous gel films of TiO*-SlO a system. On the other hand, 
in the films dipped in hot water (10Q*C) for 1 hr, it was found 
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t^at anatase titania of 10 to 30 urn was slightly deposited on 
surfaces of the films. It waa £<5und froa ^ ^ 
described above that the pore produced by the addition and 
•lution of the organic pcly^r acts to carry out efficiently 
tfe reaction of wafr with the TiO a component. 

j 

ijlDUSTRIAL APPLICABILITY 

. As illustrated above in detail, by the invention of this 
application, a g.i containing a metal oxide is formed from a 
solution containing at i„ 8t ft hydrolyzable titanium compound 
and subsequently, the gel containing the metal oxide is allowed 
*» react with w at « at » tOTpor<ltur<1 of 100 „ c or ^ 
enables anatase titania or a composite oxide containing the 
anatase titania to synthesize at a low feature. This 
process***,* it possible to form the fil*e of the anatase titania 
oj transparent composite oxide containing the anatase titania 
oj a variety of substrates including polymer materials and living 
tissue having low heat resistance at very mild conditions of 
ajmospheric Preaaux* and 100°C or below. Furthermore, the 
pjwder of the anatase titania or composite oxide containing 
tlje anatase titania can be synthesized at very » ild conditions 
of; atmospheric pressure and 100*c or below. 
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CLaims 



1* A process for producing anatase titania or a 
composite oxide containing the anatase titania characterized 
in that a gel containing a metal oxide is formed from a solution 
containing a hydrolyzable titanium compound, and subsequently 
this gel is allowed to react with water at a temperature of 
100°C or below to produce the anatase titania or the composite 
oapide containing the anatase titania. 

2 . A process according bo claim 1 wherein the solution 
containing a hydrolyzable titanium compound contains an organic 
polymer, and the gel is organic inorganic composite matter 
containing a metal oxide and the organic polymer « 

3 • A process according to claim 2 wherein tbe organic 
pojlymer is a water-* soluble organic! polymer* 

4, A process according to any one of claims 1 to 3 
whjerein the hydrolyzable titanium compound Is an alkoxide of 
titanium* 

5. A process according to any one of claims 1 to 4 
wherein reaction of the gel with water is carried out with hot 
waper* 

6 . A process according to claim 5 wherein a functional 
moi.eeule or a metal ion is dissolved in the hot water, thereby 
tojdope the anatase titania or the composite oxide containing 

thi anataae titania with the functional molecule or metallic 

! 

I 
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particles. 

7. A process according to any one of claims 1 to 6 
wherein a gel film is formed on a substrate and then allowed 
to react with water to produce a film. 

B. The anatase titania or the composite oxide 
containing the anatase titania obtained according to any process 
o£ claims 1 to 7. 

9. A transparent film of the composite oxide and a 
Bui? at rate having the transparent film of the composite oxide 
formed thereon as described in claim 8 * 
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ABSTRACT 



As a process for producing novel anatase titania or a 
composite oxide containing the onatase titania which is useful 
as a photocatalyst, bactericide, and anti- fungus agent and 
moreover, can be produced in various forms at a low temperature 
of 1Q0*C or below, the invention of this application provides 
a process for producing the anatase titania or the composite 
oxide containing the anatase titania characterised by forming 
a gel comprising a metal oxide from a solution of a titanium 
the gel with water at a temperature of 100°C or below to produce 
the anatase titania or composite oxide. 
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